Hydrogen is necessary in the growth process to limit the rapid etching of the substrate by fluorine atoms.
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INTRODUCTION
Diamond has an impressive array of physical and mechanical properties that make it an attractive material in a variety of industrial applications.
With the advent of chemical vapor deposition (CVD) techniques, thin film diamond can be deposited on a variety of substrates; however, problems remain to be solved.
A major impediment to wide-scale utilization of these films is the need to abrade/seed the substrate with diamond in order to have sufficient nucleation density. 1 The seeding step produces scratches and leaves sub-micron diamond seeds on the substrate surface to serve as nucleation sites. Alternative means have been developed to circumvent this seeding step. These include carbon ion implantation into the substrate 2 5 , the use of an ion beam to create crater arrays on the surface 6 , coating the substrate with fullerenes 7 -8 , utilizing various buffer layers 9 "12, bias-enhanced nucleation 13 " 1 5 , or the use of graphite as a substrate. 16 Meilunas et. al. 7 Each substrate received its own unique surface preparation.
For the RBSC, preparation consists of sectioning the rod ( 1 cm diameter ) into 1 mm thick wafers and then polishing to a mirrorlike surface finish with 600 grit SiC paper. Care was taken to ensure that the damage from the diamond impregnated sectioning wheel was completely removed from the sample. After the 600 grit polishing and rinsing with deionized water the RBSC disc was placed in the reaction chamber. The tungsten carbide surfaces of the tool insert were etchea with a mixture of potassium ferricyanide (K 3 Fe(CN) 6 ), sodium hydroxide (NaOH) and water in the ratio of Exposure to the etchant for four hours removed the cobalt as determined by auger electron spectroscopy. After etching, the tool insert was rinsed in deionized water to remove any surface residue and placed in the growth chamber.
4
To examine the effect of fluorine on the growth of diamond a 5% F 2 in He and ultra high purity hydrogen gas mixture was used to treat RBSC substrates prepared as mentioned above. Experimental conditions for the pre-treatment are a pressure of 30 Torr, temperature of 525 C, microwave power of 300 W, gas flow rates of 8.8 sccm for the He/F 2 and 16 sccm for H 2 . The fluorine treatment study consists of three different sets of experiments. In the first experiment, substrates are exposed to the He/F 2 gas mixture for ten minutes( H/F = 0 ), the gas composition is altered to the diamond growth conditions, and growth proceeds for two hours.
Alternatively, substrates are exposed to the diamond growth plasma for two hours with He/F 2 added to this gas mixture ( H/F = 500 ), or, in the third experiment, the substrates are pre-treated with He/F 2 and H 2 for ten minutes ( H/F = 56 ) and then exposed to the diamond growth plasma for two hours. In no instance was the plasma extinguished when shifting from etching (pre-treatment) conditions to growth conditions. Some explanation of the carbon source gas is necessary. The fluorocarbon gases shown in Table I were chosen specifically for their chemical and molecular structure. The evolution of surface r-rphology is seen in Figure 3 .
These SEM micrographs are of diamond grown with 3% CF 4 We also note the absence of secondary nucleation in Hydrocarbons form only ball-like structures with a large percentage of non-diamond carbon at these source gas percentages. Apparently a more rapid carbon incorporation mechanism is occurring when diamond growth with fluorocarbon gases is used.
To prove the existence of diamond, the Raman spectroscopy results from the 6 hour film is shown in Figure 4 . Only the broad peak at 1332 cm"1 is seen, with little or no sp 2 bonded carbon present.
Although not shown here, Raman spectroscopy results at the earlier growth times of one hour and 1/2 hour show the diamond peak at 1332 cm" 1 , a graphite peak centered at around 1580 cm 1 and two peaks from beta-SiC at 970 and 790 cm". Apparently, the growth of diamond is quite rapid in the early stages since one is able to see the diamond peak after only 1/2 hr. of growth.
Diamond growth can be generalized to other fluorocarbon gases and other carbide substrates. Figure 7 . Figure 7a is a micrograph of a sample grown with 1/2% CH 4 at the standard diamond growth conditions listed in Table I to serve as a control in the investigation. No diamond grows on the surface of the RBSC with a standard methane plasma known to grow diamond on diamond seeded silicon. As described previously, experiment 1 consisted of a ten minute pre-treatment with 5% F 2 in He gas mixture. The H/F ratio was 0. Figure 7b shows that no diamond grows on the surface. The second experiment investigates the effect of adding the 5% F 2 / He mixture to the diamond growth plasra. A micrograph of the resulting surface is shown in Figure   7c .
Here the H/F ratio is 500. Again no diamond is found on the surface. Finally we use experiment 3 in which we combine 5% F 2 /
He mixture with hydrogen in a H/F ratio of 56 for diamond growth.
Under these conditions, we observe high nucleation density of diamond on the surface of the RBSC. with diatomic chlorine gas show that silicon is also preferentially removed from the silicon carbide matrix. The reaction probability for the formation of SiCl 4 is approximately four times higher than for the formation of CCl 4 resulting in the carbon-enriched surface.
A natural question to ask is why does diamond form at all.
According to the thermodynamics espoused earlier, the carbon should etch just about as rapidly. The answer lies in the use of hydrogen for the growth of diamond.
Refer back to Figure 7 . With a fluorine pre-treatment no diamond grows using CH 4 source gas. Detail of the diamond nucleation density on the silicon carbide particles, (a) low magnification, (b) high magnification. 
